The purpose of this study was to investigate the effect of different levels of Pseudomonas fluorescens (10 2 and 10 6 log 10 cfu/ml) and Lactobacillus plantarum (10 2 and 10 4 log 10 cfu/ml) on the growth of Escherichia coli O157:H7 on beef loins. Beef loins inoculated with E. coli O157:H7 and P. fluorescens were aerobically stored for 7 days at 4 ºC, while those inoculated with E. coli O157:H7 and L. plantarum were vacuum packaged and stored for 8 weeks at 4 ºC. Aerobic Plate Counts (APC), E. coli O157:H7 and either P.
INTRODUCTION
There is evidence that some slaughter animals in South Africa shed E. coli O157:H7 at the time of slaughter, which creates an opportunity for this pathogen to be present on meat and meat products. The organism has been found in 19 % and 7 % of slaughter cattle feces and carcasses, respectively.
Similarly, it was found in 8 % and 1 % of sheep feces and carcasses, and in 31 % and 1 % of horse feces and carcasses (Veterinary Services, Gauteng Provincial Department of Agriculture, unpublished). Spoilage and pathogenic bacteria compete for available substrates in food to survive.
Psychrotrophic bacteria especially of the genus Pseudomonas are common on meat. These organisms have been identified in numerous studies as the major spoilage organisms in refrigerated fresh meats (2, 12) partly due to their ability to form quorum sensing facilitated biofilms (14) .
In South Africa, the meat industry utilizes vacuum packing to extend the shelf life of beef products for transportation, which is at times over considerable distances, since the final destination of these products often includes neighboring countries (24) . Lactic acid bacteria (LAB) are facultative anaerobes which are antagonistic against many microorganisms including spoilage and pathogenic bacteria (1) .
Previously, research focused on the inhibitory effect of L.
plantarum on E. coli O157:H7 in a range of food products including acidic fruit juices (29) , processed meat products (22) , and ground beef (19, 25) , but there is no evidence of work conducted on whole beef loins. Since Pseudomonads and LAB are natural contaminants of foods of animal origin, which can also be contaminated by E. coli O157:H7, it is important to understand how these will affect the survival and growth of E coli.O157:H7 on aerobically and vacuum stored beef.
Furthermore, it was suggested that decontamination techniques used in developed countries led to very low numbers of background microorganisms on fresh meat, resulting in reduced competition between such microorganisms and food pathogens. Fresh food products that contain 10 5 cells/g of harmless microbiota are less likely to allow low numbers of pathogens to proliferate than ones that contain 10 3 cells/g (13) .
The aim of this study was to investigate the effect of different levels of competitive, spoilage bacteria, P. fluorescens and L.
plantarum on the survival and growth of E. coli O157:H7 on aerobically and vacuum packaged stored (4 ºC) beef, respectively. When similar levels (10 2 log 10 cfu/ml) of E. coli O157:H7
MATERIALS AND METHODS
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and P. fluorescens were combined, E. coli O157:H7 was not recovered from beef (Fig 1a) Under the same experimental conditions, P. fluorescens showed a 2 day lag phase, as the counts enumerated during day 0 and day 2 remained at the same level ( Figure 1a ). There was a significant (p<0.05) increase in growth by day 3 of storage, which remained the same until day 5. The highest P.
fluorescens growth population was recorded at day 7. Growth of P. fluorescens increased by 4 log during the storage period of 7 days. APC remained relatively constant, with a significant increase (p<0.05) between the counts enumerated at day 0 compared to day 5 and day 7. Similar levels of E. coli O157:H7 and P. fluorescens were recovered on day 3. P.
fluorescens counts on days 5 and 6 were higher than E. coli O157:H7 counts during the same period.
Growth of E. coli O157:H7 showed a 2 day lag phase when combined with 10 6 log 10 cfu/ml P. fluorescens inoculum (Fig.   1b) . By day 3, growth increased significantly (p<0.05) compared to start of the storage period. The highest E. coli O157:H7 growth population was achieved from day 5 and maintained until the end of the experiment. The growth of E.
coli O157:H7 under both experimental environments (P.
fluorescens inoculation levels 10 2 or 10 6 log 10 cfu/ml) was similar by day 7 indicating that the level of P. fluorescens did not affect the growth of E. coli O157:H7.
The growth of P. fluorescens (Fig 1b) showed a similar pattern as E. coli O157:H7 at the beginning of the storage period with a 2-day lag phase. By day 3, there was a significant (p<0.05) increase in growth, which remained at the same level until day 5. A significant (p<0.05) increase in P.
fluorescens growth was observed at day 7. P. fluorescens increased by 3 log over the storage period. APC followed a similar trend to P. fluorescens (Fig 1b) . When a lower level of E. coli O157:H7 (10 2 log 10 cfu/ml) was combined with a higher level of L. plantarum (10 4 log 10 cfu/ml) in the inoculum (Fig. 2b) When beef pieces were inoculated with a higher level (10 6 log 10 cfu/ml) of P. fluorescens, P. fluorescens showed a slower growth rate, unlike when similar levels were used, which could probably be due to competition among P. fluorescens for growth space on the limited growth area. E. coli O157:H7 continued to grow in the presence of P. fluorescens, even when the levels of P. fluorescens had increased to 10 7 log 10 cfu/cm 2 , a level attributed to slime and off-flavours formation (20) .
Therefore, although E. coli O157:H7 survived until the end of the experiment, beef loins would have been rejected based on appearance.
The continued increase in E. coli O157:H7 growth population between days 3 and 5 demonstrates that E. coli O157:H7 competes well with P. fluorescens on meat. APC growth curve was similar to that observed when the levels of E.
coli O157:H7 and P. fluorescens were similar. In this study, both inocula levels of P. fluorescens did not inhibit the growth of E. coli O157:H7 on refrigerated beef loins. 
